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In this work we study the dynamical generation of mass in the massless M — \ Wess- 
Zumino model in a three dimensional spacetime. Using the tadpole method to compute 
the effective potential, we observe that supersymmetry is dynamicaly broken together with 
. . . the discrete symmetry Aix) —Aix). We show that this model, differently from non- 

' supersymmetric scalar models, exhibits a consistent perturbative dynamical generation of 

' mass after two loop corrections to the effective potential. 
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CN I Supersymmetry (SUSY) is one of the most beautiful theoretical accomplishments of the present 

time. However, to construct realistic models of particle physics, SUSY should be spontaneously 
^ , broken l| at some energy scale, since we do not observe the superpartners of the ordinary particles 

^ ■ (e.g. seletrons, squarks, etc.). Due to the non-renormalization theorem, however, spontaneous 

breaking of SUSY is ruled out for a wide class of models Theoretically, it is essential to 

(N 

^ ' understand under which conditions SUSY can be broken, while it is the experimental data that 

will eventually tell us how SUSY is broken. 
' Toy models constructed in three dimensional spacetime have been intensely explored in the 



literature as a good theoretical laboratory. As indicated by Witten ^, differently from models 
defined in four dimensional spacetime, dynamical SUSY breaking can occur in = 2 + 1 spacetime, 
and this possibility was studied for the Wess-Zumino model and massless electrodynamics at one 



o 

00 

O 

^ ' loop order, showing that no breaking appears j^, i.e., up to one loop order neither SUSY nor gauge 

■ symmetry are dynamically broken. However, an investigation of higher loop order is still necessary 

to verify whether dynamical SUSY breaking really happens in such models. 

On the other hand, dynamical generation of mass in a non-supersymmetric purely scalar model 
is inconsistent with perturbation theory 0,0, ^, Q]- In this work, we will show that, in a massless 
three-dimensional Wess-Zumino model, there is a consistent perturbative dynamical generation of 
mass induced by the discrete symmetry {A{x) — > —A{x)) and supersymmetry breaking. 
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Let us to consider the three-dimensional massless superscalar J\f = 1 Wess-Zumino model defined 

by 

s = j dJ'z U>{x,e)D^^{x,e)+g^{x,ef + CcT , (i) 

where Cqt is the counter-term Lagrangian. We are using the notations and conventions as in 8|]. 
The real superfield $ expanded in a Taylor series in 6 is given by 

$(x,e) = ^(x)+r^<,(x)-02i?(x) , (2) 

thus, after integration in 6, Eq.([T]) can be cast as 



J 1 1 2 



(3) 



By eliminating the auxiliary field F using its classical equation of motion, Eq.([3|) can be cast as 



S = J cfx ^AOA + ^^''idJ^Pp - 8g^A^ + VV'a + ^ct 



(4) 



We can observe that the action above is invariant under the discrete symmetry transformation 
A{x) -A{x). 

In three dimensional theories, differently from four-dimensional models where the zero energy 
of the vacuum cannot be moved to a non-vanishing value by radiative corrections, it is possible in 
principle to break supersymmetry dynamically. To understand this issue, let us contrast the 4D 
and 3D effective potentials and their conditions of minimum. 

In AD models, the effective potential assume the form 

Veffim = -FF - F^^ + F^^ + FF G{A, A, F, F) , (5) 

where G{A, A, F, F) is a function obtained by considering the radiative corrections, P{A) and 
P{A) are the superspace potentials evaluated in A and A, respectively. The origin of the form of 
V^//(4D) come from the fact that, in perturbation theory, the effective action is obtained with a 
= d^9 integral. Considering a classical constant superfield of the form ^ = A — 9'^F, we 
conclude that the quantum corrections always come with a multiplicative F and F factors. 
The conditions that minimize the 4Z) effective potential are given by 



We can see that, if at the classical level there is some value of A that satisfy dP{A)/dA = 0, 
then F = satisfy the condition of extremum for the effective potential. It is obvious from Eq-Q 
that radiative corrections does not change this result, because in 41) models radiative quantum 
corrections are bilinear in the auxiliary fields [qI. Thus, the minimum of the classical potential 
is still the minimum of the quantum effective potential, so that in AD spacetime supersymmetry 
cannot be broken by quantum corrections. 

In three dimensional spacetime this situation can be different, nevertheless. The 3D effective 
potential assume the form 

VeffiSD) = -\f'- + F G{A, F) . (7) 

Therefore, the radiative quantum corrections to the effective potential exhibit a single F factor, 
which will contribute in a very different way to the conditions that minimize the effective potential. 
The conditions that minimize the 3-D effective potential are given by: 

dVeffiSD) ^ a^P(A) dG{A,F) _ 
OA dA^ OA 

dF - -P-^^ + G{A,F)+F -0. (8) 

In 3D spacetime, the superspace integrations are cP0 and the superfields possess the form $ = 
A — 6^F. When taking derivatives with respect to F, the factor in front of the term that represent 
the radiative corrections may disappear, and we can find that the classical minimum (F = 0) no 
longer needs be a minimum of the quantum effective potential. In conclusion, 3D super symmetric 
models may exhibit dynamical supersymmetry breaking, and our aim in this work is to show that 
this effectively happens. 

To study the possibility of dynamical SUSY breaking, let us dislocate the components A by 
Va and F by Vf, which will be interpreted as the constant vacuum expectation values of A and F 
fields at the minimum of the effective potential, respectively. In this way, Eq.Q can be written as 



2 



S = j d\ \^AUA + UgvfVa A^ + '^^"idj^bf^ + Ggvl^b'^iPa + 

+12gvlFA + UgVaFA"^ + igFA^ + igvfA^ + GgA^ip^^^pa + 12c/i;„^V"V'a 

+ {4gvl + Vf)F + 12gvlvfA + ^vj + Agvfvl + CcT\ ■ (9) 

Again, the auxiliary field F can be eliminated using its equation of motion, 

F + AgA^ + UgVaA^ + l2gvlA + Agv^ + Vf = 0, (10) 



thus allowing us to rewrite Eq.Q only as function of the physical fields A and ^p, 



S 



(Fx 



.2 a6 



A" - A8g'vaA° - llQg'viA" 



■ (11) 



Notice the complete cancellation of the vaccum expectation value Vj. The action above is invari- 
ant over SUSY transformations on mass shell. Also, Eq. ()lip is not invariant under the discrete 
transformation A{x) — > —A{x), for any value of Va / 0. 
The propagators of the model are given by 



A(fc) 



2 k^ + M^ 



(12) 



where M| = 240g'^v^ and M| = lUg'^v^ 



Now, let us use the tadpole method [10[] to compute loop corrections to the classical potential. 
The one loop corrections to the tadpole equation are shown in Figure [TJ The corresponding 
expressions can be cast as 

d^k 1 . o f <fk 1 



.(1) 

(0+1)/ 



-mg^vl - UgVaM^ 



mg^vl 



(27r)3 (A;2 + M/) '""^ '^'^ J (2^)3 (A;2 + M^j 



Integrating over k using regularization by dimensional reduction, we obtain 



(0+l)« 



vr L 



(9 + 10V15)5-7r 



9' vl 



The effective potential is evaluated from the tadpole equation through the relation 



(13) 



(14) 



(15) 







where the integration limits was chosen so that the classical potential vanish at Ad = 0. 

Integrating Eq. (fT^ over Va-, we obtain the following effective potential up to one loop order 



eff 



(1) 
(0+1)1 



-9 

vr 



dvn r 



vr - (9 + 10V15)5 



46 



(16) 



The condition that minimizes the effective potential is obtained by setting dV(,ff /dAd 
where Va is the minimum of the effective potential. It is 
trivial solution Va = 0, corroborating the conclusions of 



0, 



easy to check that Va possess only the 
3|]. As a next step, we will evaluate the 



two loop corrections to the effective potential, searching for the dynamical generation of mass. 



The diagrams that contribute to the tadpole equation at two loop order are shown in Figure 
[21 and the mathematical expressions for each diagram are evaluated in appendix |Al The effective 
potential at the two loop approximation is given by 



eff 



^{a/g'^+b/g+c-d/3)/d ^ 

M J 



d ' 



(17) 



where i? is a convenient counter-term, fi is the mass parameter introduced by the regularization 
by dimensional reduction, and the constants a, b, c and d are given by 



a = -48, 6= (480V15 - 864)/7r PS317 , 

[720\/l5 + 7182(1 +7 + 1/e) - Um\n{l2Vl5g) + 36ln{24g + 4gVl5)]/TT^ 
-(6111 + U57lng- 728/e) , 
d = -14364/7r2 « -1457 , 



(18) 



with 7 being the Euler's constant and e = 3 — D (D is the dimension of the spacetime). 

Only one renormalization condition is necessary to ensure the renormalizability of the model. 
Let us define the renormalized coupling constant as 



eff 



8 X 6! 5^ 



(19) 



resulting in the following expression for the counter-term: 

60 



480 + 49^5^ In J^g'^/ff'+Vs+c-rf/s^^ 



(20) 



Therefore, substituting the value of the counter-term B into Eq. (ll7p . the renormalized effective 
potential can be cast as 



V,ffR = 8g'A% + -^g''AU 



49- 10 In- 



(21) 



The point of minimum is obtained from the first derivative of VeffR with respect to A^i, resulting 
in 



/137 24 
Aci = ±Va exp I + 



(22) 



V 60 ' dg"^ , 

We expect that the effective potential represents a good approximation for values of Ad ~ Va- 
Therefore we can see that the exponential must be approximately 1, constraining g^ to be of order 

of g^ 1440/(137(i) w 0.7 x lO^^. So, we are obtaining a coupling constant g^ <^ 1, validating 

the hypothesis taken in perturbation theory. 



The mass of scalar field A can be defined by 

-2dg\t ^ 29UgX > , (23) 



m 



2 _ d'^^effR 



where the ratio between the A and V' masses is m'j^/m'^ ~ 1, 7. 

In conclusion, we have shown that the SUSY model exhibits dynamical supersymmetry 
breaking and mass generation at two loop order, in three dimensional spacetime. This was estab- 
lished by using the tadpole method, computing the two loop corrections to the effective potential 
and showing that its minimum no longer happens at {A) = 0, that is, the quantum corrections 
makes the point of classical minimum Ad = a local maximum, dislocating the minimum to 
a non-trivial value of A^i- At the corrected minimum, A^i = Va, the effective potential is non- 
vanishing, indicating that supersymmetry is broken, and the masses of bosonic and fermionic fields 
are different, their ratio being m^/m^ ~ 1,7. We also showed that the new minimum, differently 
from non-supersymmetric models, is compatible with the hypothesis that g <^ 1, thus validating 
our perturbative calculations. We can see that the supersymmetry breaking is induced by the 
dynamical breaking of the discrete symmetry A{x) —A{x), and so no goldstino appears in this 
model. 



Appendix A: TWO LOOP CALCULATIONS 



The contributions at two loop to the tadpole equation. Figure [H are given by 



-345600i/v^ 



1 



d^q 1 



(27r)3 (A;2 + )2 J (27r)3 g2 + m2 ' 



-2880ig'^v, 



d^k 



-J (27r 



d^q Mw 



(fc2 + M2 )2 J (27r)3 g2 + MJ ' 



(Al) 
(A2) 



^d), , „ 9 / d^k d^k 



2M,: 



(2^)3 (27r)3 L(A;2 + Mlf{q^ + Ml) (fc2 + M2)(g2 + m\ 



, (A3) 



r2^(d) = -12.(160)3/t;9 1 



Sk f d^q 



(27r)3 J (27r)3 (A:2 + MlY[{k + qf + Ml]{q^ + Ml) 



, (A4) 



k.q + q^-Ml 



(2^)3 y {2^Y {k^ + MlY[{k + qf + Ml]{q^ + Ml) ' 



(A5) 



r(p(/) = o, r(|)(<7) = 960igV| 



d^k 1 



d^q 1 



(27r)3 k'^ + MlJ (27r)3 g2 + mI 



t2 ' 



(A6) 



(2^ J (2^ (A;2 + MlY[{k + g)2 + Ml]{q^ + M^) 



r«(/i) = -230400./^^ / I ^^J^^,^^ , , , ^^^^^^^ , ^^^^ , (A7) 



(27r)3y (27r)3(fc2+M2)p + g)2+M2 



(g2 + M, 



(A8) 



Resolving the integrals in Eqs. llAlllASp with the help of formulae P, [s, Q], where was adopted 
regularization by dimensional reduction, and adding the tree, one, and two loop contributions, we 
obtain the following expression to the tadpole equation: 

r[J^i+2)/ = iag^vl + ihg^vl + icg'^vl + idg\l\n{^ , (A9) 

where a = -48, h= (480^/15 -864)/7r ^ 317, c= [720^/15 + 7182(1 + 7 + 1/e) - 14400 ln(12^/T55) + 
361n(245 + 45^/15)] /7r2 « -(6111 + 14571n g - 728/e) and d = -14364/7r2 -1457, with 7 being 
the Euler's constant, ^ is the mass parameter introduced by the regularization, and e = 3 — D {D 
is the dimension of the spacetime). 
The effective potential is given by 

Veff = i£"dVaT['^^,^^^l , (AlO) 

from which we obtain 

J r _ a2i 

+ BAli. (All) 



V,ff = -^g' At, In 



^{a/g^+b/g+c-d/3)/d ^ 

M J 



with B being a counter-term. The limits of integration in Eq. (|A10p was chosen for that the classical 
potential vanish at A^i = 0. 
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Figure 1: One loop tadpole equation. Dashed lines represents the scalar field A propagator, while solid lines 
represent the fermion field propagator. 




Figure 2: Two loop contributions to the tadpole equation. 



